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. The placenta defect can be rescued by tetraploid-aggregation, suggest ing that the embryonic lethality of these ERK2-deficient mouse lines is secondary to abnormal development of the placenta. Although the reason for this difference between our line and the others is unclear, it is possible that dif ferences in ES cell lines and mouse lines used for mating affect the outcome of the gene deletion; genetic modifiers may exist. As such, the BALB/C background we used may not allow embryos to have compensatory activation of ERK1, whereas ERK1 can compensate in a C57BL/6 background.
MEKI knockout embryos also show a defect in the placenta, whereas MEK2-deficient mice are viable and fertile with no obvious phenotype (9, 10) . Taken together, these results illustrate indispensable roles of ERK2 and MEKI in embryonic development.
In contrast, ERKl knockout mice are viable and have a minor defect (14, 15) . In addition, embryonic fibroblasts defi cient in both JNK1 and JNK2 are resistant to stress induced apoptosis (16) . These data may suggest a role of JNK1 and JNK2 in regulating apoptosis due to environ mental stress. Given JNK has been implicated in T cell activation and cytokine production, several studies on T cell functions have been conducted with JNK as well as MKK4 and MKK7 gene-targeted mice. Proliferation and IL-2 production after CD28 co-stimulation are decreased in MKK4-deficient and JNK1/JNK2 double heterozygous T cells, both of which have partially reduced JNK activity (17, 18 
